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The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed 
or described as set forth in section 102 of this title, if the differences between the 
subject matter sought to be patented and the prior art are such that the subject 
matter as a whole would have been obvious at the time the invention was made 
. to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was 
made. 

Claims 1-51 are rejected under 35 U.S.C. 103(a) as being unpatentable over HO 
etal. (WO 95/06298). 

As per claim 1 , Ho teaches the claimed "graphics processing unit for use in a 
system for lighting a plurality of polygon surfaces in a rendering system" (Ho, figure 2), 
the graphics processing unit comprising: a. dedicated lighting logic operable to perform 
a sequence of lighting calculations that generate lighting equation lighting coefficients 
for a plurality of the drawn pixels (Ho, TreflectanceShader, page 16, lines 24-24; page 
18, lines 1-4; page 19, lines 3-8); and b. user programmable hardware logic 
communicating with the dedicated hardware logic to receive the lighting coefficients and 
perform additional shading calculations using the lighting coefficients (Ho, e.g., 
TimageMapShader, page 24, lines 33-36; TprocedureMapShader, page 26, lines 27-29; 
... ). It is noted that Ho does not explicitly teach the characteristic of the system as "per- 
pixel" as claimed. However, Ho's shading evaluation performs calculation at each 
vertex pixels and interpolates the remaining pixels suggests the property of system as 
"per-pixel" as claimed. Thus, it would have been obvious to a person of ordinary skill in 
the art at the time the invention was made to configure H's system as claimed because 
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the process "per-pixel" of the system will enhance the quality of the visual 
representation of the object on the screen (Ho, page 10, lines 14-15). Furthermore, Ho 
uses of software to calculate lighting equation while the claimed invention uses 
"hardware" to perform the calculation; however, it would have been obvious to use a 
dedicated hardware to perform the function of a software because the tradeoff between 
hardware and software effect the cost of the system and the speed/efficiency of the 
system. The motivation for use a dedicated hardware is clearly improving the speed of 
process, but it would cost more for such a system. 

Claim 2 adds into claim 1 "the dedicated hardware logic communicates with the 
programmable hardware logic through one or more shared registers" which Ho does not 
explicitly teach. However, it would have been obvious for the hardware logics to 
communicate through the shared registers because the use of common shared 
registers improves the simplification of the hardware and reduces the cost to build the 
logic (Ho, page 24, lines 33-37). 

Claim 3 adds into claim 1 "the dedicated hardware logic comprises logic that 
uses the lighting coefficients in the calculation of a color value" which H teaches in page 
19, lines 3-13. 



Claim 4 adds into claim 1 "the dedicated hardware logic includes a vector 
generation unit that receives vertex values for the polygon surfaces and calculates a 3- 
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dimensional, unit-length surface normal vector" which Ho teaches in page 17, line 16 
(e.g., surface normal N). 

Claim 5 adds into claim 4 "the vector generation unit calculates a 3-dimensional, 
unit-length view reflection vector" which Ho teaches in page 17, line 19 (Light Reflection 
vector R). 

Claim 6 adds into claim 1 "the dedicated hardware logic includes a point light unit 
that calculates normalized point light vectors" which Ho teaches in page 17, line 17 
(Light vector L) 

Claim 7 adds into claim 6 "the point light unit calculates scalar distance 
coefficients" which Ho teaches in page 17, lines 14-15 (Light attenuation factor). 

Claim 8 adds into claim 1 "the dedicated hardware logic includes a vector 
shading unit that performs vector dot product operations" which Ho does not explicitly 
teach. However, it would have been obvious for use vector shading unit performing 
vector calculation in Phong's illumination model (Ho, page 18, lines 1-4) because in that 
model, the dot products between the light vector, camera vector, and surface normal 
have been used to calculate the Reflection values to enhance the shaded object. 



Claim 9 adds into claim 8 "the vector shading unit performs color scaling 
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operations" which Ho teaches in page 19, lines 3-1 1 (e.g., ObjectColor). 

Claim 10 adds into claim 4 "the vector generation unit receives a bump map 
vector and combines the bump map vector with the normal vector to produce a 
composite surface angle vector" which Ho teaches in page 20, lines 32-36 
(TbumpMap). 

Claim 1 1 adds into claim 4 "the vector shading unit receives eye vector 
information" which Ho teaches in page 17, lines 20-21 (Camera vector). Ho does not 
explicitly teach "generate a view reflection vector" from the viewing vector. However, it 
would have been obvious for "generate a view reflection vector" from the viewing vector 
because the reflection light must be depend upon the viewing angle or vector for 
naturally representing the realistic model as showed in Phong model (Ho, page 18, lines 
1-4). 

Claim 12 adds into claim 1 1 "a texture memory communication with the 
programmable hardware logic" which Ho teaches in RAM 22 (figure 2; page 19, lines 
25-30). 

As per claim 13, Ho teaches the claimed "graphics processing unit for use in a 
system for lighting a plurality of polygon surfaces in a rendering system" (Ho, figure 2), 
the graphics processing unit comprising: a. dedicated lighting hardware logic operable 
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to perform a sequence of lighting calculations that generate specular lighting value 
coefficients for a plurality of the drawn pixels (Ho, TreflectanceShader, page 16, lines 
24-24; page 18, lines 1-4; page 19, lines 3-8); and b. per-pixel user programmable 
hardware logic communicating with the dedicated hardware logic to receive the lighting 
coefficients and perform additional shading calculations using the specular lighting 
value coefficients (Ho, e.g., TimageMapShader, page 24, lines 33-36; 
TprocedureMapShader, page 26, lines 27-29; ...). It is noted that Ho does not explicitly 
teach the characteristic of the system as "per-pixel" as claimed. However, Ho's shading 
evaluation performs calculation at each vertex pixels and interpolates the remaining 
pixels suggests the property of system as "per-pixel" as claimed. Thus, it would have 
been obvious to a person of ordinary skill in the art at the time the invention was made 
to configure H's system as claimed because the process "per-pixel" of the system will 
enhance the quality of the visual representation of the object on the screen (Ho, page 
10, lines 14-15). Furthermore, Ho uses of software to calculate lighting equation while 
the claimed invention uses "hardware" to perform the calculation; however, it would 
have been obvious to use a dedicated hardware to perform the function of a software 
because the tradeoff between hardware and software effect the cost of the system and 
the speed/efficiency of the system. The motivation for use a dedicated hardware is 
clearly improving the speed of process, but it would cost more for such a system. 



Claim 14 adds into claim 13 "the dedicated hardware logic communicates with 



Application/Control Number: 10/037,992 Page 7 

Art Unit: 2673 

the programmable hardware logic through one or more shared registers" which Ho does 
not explicitly teach. However, it would have been obvious for the hardware logics to 
communicate through the shared registers because the use of common shared 
registers improves the simplification of the hardware and reduces the cost to build the 
logic (Ho, page 24, lines 33-37). 

Claim 15 adds into claim 13 "the dedicated hardware logic comprises logic that 
uses the lighting coefficients in the calculation of a color value" which H teaches in page 
19, lines 3-13. 

Claim 16 adds into claim 13 "the dedicated hardware logic includes a vector 
generation unit that receives vertex values for the polygon surfaces and calculates a 3- 
dimensional, unit-length surface normal vector" which Ho teaches in page 17, line 16 
(e.g., surface normal N). 

Claim 17 adds into claim 16 "the vector generation unit calculates a 3- 
dimensional, unit-length view reflection vector" which Ho teaches in page 17, line 19 
(Light Reflection vector R). 

Claim 18 adds into claim 13 "the dedicated hardware logic includes a point light 
unit that calculates normalized point light vectors" which Ho teaches in page 17, line 17 
(Light vector L) 
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Claim 19 adds into claim 18 "the point light unit calculates scalar distance 
coefficients" which Ho teaches in page 17, lines 14-15 (Light attenuation factor). 

Claim 20 adds into claim 13 "the dedicated hardware logic includes a vector 
shading unit that performs vector dot product operations" which Ho does not explicitly 
teach. However, it would have been obvious for use vector shading unit performing 
vector calculation in Phong's illumination model (Ho, page 18, lines 1-4) because in that 
model, the dot products between the light vector, camera vector, and surface normal 
have been used to calculate the Reflection values to enhance the shaded object. 

Claim 21 adds into claim 20 "the vector shading unit performs color scaling 
operations" which Ho teaches in page 19, lines 3-1 1 (e.g., ObjectColor). 

Claim 22 adds into claim 16 "the vector generation unit receives a bump map 
vector and combines the bump map vector with the normal vector to produce a 
composite surface angle vector" which Ho teaches in page 20, lines 32-36 
(TbumpMap). 



Claim 23 adds into claim 16 "the vector shading unit receives eye vector 
information" which Ho teaches in page 17, lines 20-21 (Camera vector). Ho does not 
explicitly teach "generate a view reflection vector" from the viewing vector. However, it 
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would have been obvious for "generate a view reflection vector" from the viewing vector 
because the reflection light must be depend upon the viewing angle or vector for 
naturally representing the realistic model as showed in Phong model (Ho, page 18, lines 
1-4). 

Claim 24 adds into claim 13 "a texture memory communication with the 
programmable hardware logic" which Ho teaches in RAM 22 (figure 2; page 1 9, lines 
25-30). 

As per claim 25, Ho teaches the claimed "graphics processing unit for use in a 
system for lighting a plurality of polygon surfaces in a rendering system" (Ho, figure 2), 
the graphics processing unit comprising: a. dedicated lighting hardware logic operable 
to perform a sequence of lighting calculations (Ho, TreflectanceShader, page 16, lines 
24-24; page 18, lines 1-4; page 19, lines 3-8); and b. user programmable hardware logic 
communicating with the dedicated hardware logic to receive information from the 
dedicated lighting hardware logic and perform additional shading calculations using the 
diffuse lighting value coefficients (Ho, e.g., TimageMapShader, page 24, lines 33-36; 
TprocedureMapShader, page 26, lines 27-29; ...). It is noted that Ho does not explicitly 
teach the characteristic of the system as "per-pixel" as claimed. However, Ho's shading 
evaluation performs calculation at each vertex pixels and interpolates the remaining 
pixels suggests the property of system as "per-pixel" as claimed. Thus, it would have 
been obvious to a person of ordinary skill in the art at the time the invention was made 
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to configure H's system as claimed because the process "per-pixel" of the system will 
enhance the quality of the visual representation of the object on the screen (Ho, page 
10, lines 14-15). Furthermore, Ho uses of software to calculate lighting equation while 
the claimed invention uses "hardware" to perform the calculation; however, it would 
have been obvious to use a dedicated hardware to perform the function of a software 
because the tradeoff between hardware and software effect the cost of the system and 
the speed/efficiency of the system. The motivation for use a dedicated hardware is 
clearly improving the speed of process, but it would cost more for such a system. 

Claim 26 adds into claim 25 "the dedicated hardware logic communicates with 
the programmable hardware logic through one or more shared registers" which Ho does 
not explicitly teach. However, it would have been obvious for the hardware logics to 
communicate through the shared registers because the use of common shared 
registers improves the simplification of the hardware and reduces the cost to build the 
logic (Ho, page 24, lines 33-37). 

Claim 27 adds into claim 25 "the dedicated hardware logic comprises logic that 
uses the lighting coefficients in the calculation of a color value" which H teaches in page 
19, lines 3-13. 



Claim 28 adds into claim 25 "the dedicated hardware logic includes a vector 
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generation unit that receives vertex values for the polygon surfaces and calculates a 3- 
dimensional, unit-length surface normal vector" which Ho teaches in page 17, line 16 
(e.g., surface normal N). 

Claim 29 adds into claim 28 "the vector generation unit calculates a 3- 
dimensional, unit-length view reflection vector" which Ho teaches in page 17, line 19 
(Light Reflection vector R). 

Claim 30 adds into claim 25 "the dedicated hardware logic includes a point light 
unit that calculates normalized point light vectors" which Ho teaches in page 17, line 17 
(Light vector L) 

Claim 31 adds into claim 30 "the point light unit calculates scalar distance 
coefficients" which Ho teaches in page 17, lines 14-15 (Light attenuation factor). 

Claim 32 adds into claim 25 "the dedicated hardware logic includes a vector 
shading unit that performs vector dot product operations" which Ho does not explicitly 
teach. However, it would have been obvious for use vector shading unit performing 
vector calculation in Phong's illumination model (Ho, page 18, lines 1-4) because in that 
model, the dot products between the light vector, camera vector, and surface normal 
have been used to calculate the Reflection values to enhance the shaded object. 
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Claim 33 adds into claim 32 "the vector shading unit performs color scaling 
operations" which Ho teaches in page 1 9, lines 3-1 1 (e.g., ObjectColor). 

Claim 34 adds into claim 28 "the vector generation unit receives a bump map 
vector and combines the bump map vector with the normal vector to produce a 
composite surface angle vector" which Ho teaches in page 20, lines 32-36 
(TbumpMap). 

Claim 35 adds into claim 28 "the vector shading unit receives eye vector 
information" which Ho teaches in page 17, lines 20-21 (Camera vector). Ho does not 
explicitly teach "generate a view reflection vector" from the viewing vector. However, it 
would have been obvious for "generate a view reflection vector" from the viewing vector 
because the reflection light must be depend upon the viewing angle or vector for 
naturally representing the realistic model as showed in Phong model (Ho, page 18, lines 
1-4). 

Claim 36 adds into claim 25 "a texture memory communication with the 
programmable hardware logic" which Ho teaches in RAM 22 (figure 2; page 19, lines 
25-30). 

As per claim 37, Ho teaches the claimed "graphics processing unit for use in a 
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system for lighting a plurality of polygon surfaces in a rendering system" (Ho, figure 2), 
the graphics processing unit comprising: a. dedicated lighting hardware logic operable 
to perform a sequence of lighting calculations including the calculation of a substantially 
normalized point light vector (Ho's Light Vector L, page 17, line 17) (Ho, 
TreflectanceShader, page 16, lines 24-24; page 18, lines 1-4; page 19, lines 3-8); and 
b. user programmable hardware logic communicating with the dedicated hardware logic 
to receive the substantially normalized point light vector and perform additional shading 
calculations (Ho, e.g., TimageMapShader, page 24, lines 33-36; 
TprocedureMapShader, page 26, lines 27-29; ... ). It is noted that Ho does not explicitly 
teach the characteristic of the system as "per-pixel" as claimed. However, Ho's shading 
evaluation performs calculation at each vertex pixels and interpolates the remaining 
pixels suggests the property of system as "per-pixel" as claimed. Thus, it would have 
been obvious to a person of ordinary skill in the art at the time the invention was made 
to configure H's system as claimed because the process "per-pixel" of the system will 
enhance the quality of the visual representation of the object on the screen (Ho, page 
10, lines 14-15). Furthermore, Ho uses of software to calculate lighting equation while 
the claimed invention uses "hardware" to perform the calculation; however, it would 
have been obvious to use a dedicated hardware to perform the function of a software 
because the tradeoff between hardware and software effect the cost of the system and 
the speed/efficiency of the system. The motivation for use a dedicated hardware is 
clearly improving the speed of process, but it would cost more for such a system. 



Application/Control Number: 10/037,992 
Art Unit: 2673 



Page 14 



Claim 38 adds into claim 37 "point light data provided to the graphics processing 
unit" which Ho teaches in page 17, lines 25-26 (light sources). 

Claim 39 adds into claim 38 "the point light data includes a surface position 
vector and point light position vector* which Ho teaches in page 17, lines 16-18. 

Claim 40 adds into claim 38 "point light data for multiple light sources is input into 
the graphics processing unit in order to produce multiple normalized point light vectors" 
( Ho's plurality of special light sources effect on the objects; page 17, lines 25-26). 

Claim 41 adds into claim 38 "the substantially normalized point light vectors for 
the multiple light sources are calculated in parallel" (Ho's pipeline system performing the 
parallel calculation improving the efficiency of the system and reducing the operation 
time). 

Claim 42 adds into claim 38 "the dedicated hardware is operable to calculate a 
dot product" which Ho does not explicitly teach. However, it would have been obvious 
for use vector shading unit performing vector calculation in Phong's illumination model 
(Ho, page 18, lines 1-4) because in that model, the dot products between the light 
vector, camera vector, and surface normal have been used to calculate the Reflection 
values to enhance the shaded object. 
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Claim 43 adds into claim 38 "the substantially normalized point light vector 
includes a value that represents the intensity of the light at a surface point of a polygon 
surface" (Ho's light vector L in which the intensity of the light at the surface enhances 
the shading process and improves the quality of the visual representation of the object. 
Surface) 

As per claim 44, Ho teaches the claimed "graphics processing unit for use in a 
system for lighting a plurality of polygon surfaces in a rendering system" (Ho, figure 2), 
the graphics processing unit comprising: a. dedicated lighting hardware logic operable 
to perform a sequence of lighting calculations including the calculation of a surface 
normal vector (Ho, Surface Normal N, page 17; TreflectanceShader, page 16, lines 24- 
24; page 18, lines 1-4; page 19, lines 3-8); and b. user programmable hardware logic 
communicating with the dedicated hardware logic to receive the surface normal vector 
and perform additional shading calculations (Ho, e.g., TimageMapShader, page 24, 
lines 33-36; TprocedureMapShader, page 26, lines 27-29; ...). It is noted that Ho does 
not explicitly teach the characteristic of the system as "per-pixel" as claimed. However, 
Ho's shading evaluation performs calculation at each vertex pixels and interpolates the 
remaining pixels suggests the property of system as "per-pixel" as claimed. Thus, it 
would have been obvious to a person of ordinary skill in the art at the time the invention 
was made to configure H's system as claimed because the process "per-pixel" of the 
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system will enhance the quality of the visual representation of the object on the screen 
(Ho, page 10, lines 14-15). Furthermore, Ho uses of software to calculate lighting 
equation while the claimed invention uses "hardware" to perform the calculation; 
however, it would have been obvious to use a dedicated hardware to perform the 
function of a software because the tradeoff between hardware and software effect the 
cost of the system and the speed/efficiency of the system. The motivation for use a 
dedicated hardware is clearly improving the speed of process, but it would cost more for 
such a system. 



Claim 45 adds into claim 44 "the dedicated hardware logic communicates with 
the programmable hardware logic through one or more shared registers" which would 
have been obvious because the use of common shared registers improves the 
simplification of the hardware and reduces the cost to build the logic (Ho, page 24, lines 
33-37). 

Claim 46 adds into claim 45 "wherein the dedicated hardware logic includes a 
vector generation unit that receives vertex values for the polygon surfaces and 
calculates a 3-dimensional, unit-length surface normal vector" which Ho teaches in page 
17, line 16 (e.g., surface normal N). 

Claim 47 adds into claim 45 "the vector generation unit calculates a 3- 
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dimensional, unit-length view reflection vector" which Ho teaches in page 17, line 19 
(Light Reflection vector R). 

As per claim 48, Ho teaches the claimed "graphics processing unit for use in a 
system for lighting a plurality of polygon surfaces in a rendering system" (Ho, figure 2), 
the graphics processing unit comprising: a. dedicated lighting hardware logic operable 
to perform a sequence of lighting calculations including the calculation of a reflection 
vector (Ho, Light reflection Vector R, page 17; TreflectanceShader, page 16, lines 24- 
24; page 18, lines 1-4; page 19, lines 3-8); and b. user programmable hardware logic 
communicating with the dedicated hardware logic to receive the reflection vector and 
perform additional shading calculations (Ho, e.g., TimageMapShader, page 24, lines 33- 
36; TprocedureMapShader, page 26, lines 27-29; ... ). It is noted that Ho does not 
explicitly teach the characteristic of the system as "per-pixel" as claimed. However, 
Ho's shading evaluation performs calculation at each vertex pixels and interpolates the 
remaining pixels suggests the property of system as "per-pixel" as claimed. Thus, it 
would have been obvious to a person of ordinary skill in the art at the time the invention 
was made to configure H's system as claimed because the process "per-pixel" of the 
system will enhance the quality of the visual representation of the object on the screen 
(Ho, page 10, lines 14-15). Furthermore, Ho uses of software to calculate lighting 
equation while the claimed invention uses "hardware" to perform the calculation; 
however, it would have been obvious to use a dedicated hardware to perform the 
function of a software because the tradeoff between hardware and software effect the 
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cost of the system and the speed/efficiency of the system. The motivation for use a 
dedicated hardware is clearly improving the speed of process, but it would cost more for 
such a system. 



Claim 49 adds into claim 48 "the dedicated hardware logic communicates with 
the programmable hardware logic through one or more shared registers" which Ho does 
not explicitly teach. However, it would have been obvious for the hardware logics to 
communicate through the shared registers because the use of common shared 
registers improves the simplification of the hardware and reduces the cost to build the 
logic (Ho, page 24, lines 33-37). 

Claim 50 adds into claim 49 "wherein the dedicated hardware logic includes a 
vector generation unit that receives vertex values for the polygon surfaces and 
calculates a 3-dimensional, unit-length surface normal vector" which Ho teaches in page 
17, line 16 (e.g., surface normal N). 

Claim 51 adds into claim 50 "the vector generation unit calculates a 3- 
dimensional, unit-length view reflection vector" which Ho teaches in page 17, line 19 
(Light Reflection vector R). 



RESPONSE TO APPLICANT'S ARGUMENTS: 
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Applicant's arguments filed on October 6, 2005 have been fully considered but 
they are not deemed to be persuasive. 

Applicant argues that Ho does not teach "a dedicated lighting hardware" as 
claimed. However, the claimed language is "dedicated lighting hardware logic" in which 
the logic can be interpreted in programming as operations that define what a given 
program does. Therefore, the claimed "dedicated hardware logic" can be interpreted as 
the operations of a program performed by a dedicated hardware. In a computer 
system, the result from calculation of a process is always a combination of software and 
hardware in which the software defines the logic and the hardware performs the 
operations of the logic. In Ho case, the dedicated hardware is the CPU 21 (Ho, page 5, 
lines 10-11) that performs the logics of the light calculations. 

Applicant argues that Ho does not teach "user programmable hardware" as 
claimed. Ho uses of software to calculate lighting equation while the claimed invention 
uses "hardware" to perform the calculation; however, it would have been obvious to use 
a dedicated hardware to perform the function of a software because the tradeoff 
between hardware and software effect the cost of the system and the speed/efficiency 
of the system. The motivation for use a dedicated hardware is clearly improving the 
speed of process, but it would cost more for such a system. Furthermore, similar to the 
arguments above, the claimed language is "user programmable hardware logic" in 
which the logic can be interpreted in programming as operations that define what a 
given program does. Therefore, the claimed "user programmable hardware logic" can 
be interpreted as the operations of a program performed by a user programmable 
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hardware. In a computer system, the result form calculation of a process is always a 
combination of software and hardware in which the software defines the logic and the 
hardware performs the operations of the logic. In Ho case, the user programmable 
hardware is the CPU 21 (Ho, page 5, lines 10-11) that performs the logics of the light 
calculations. 

Applicant argues that "the 'per-pixel' nature of the calculations makes the Ho 
approach probably unworkable in such an environment" which Examiner does not agree 
because Applicant's speculation is stated without any proof to support. Ho's hardware 
including the CPU 21 in combination with OOP language (page 6, lines 5-25) would 
provide a compatible mythology to perform a "object-lighting" process for pixels of object 
as claimed (page 10, lines 14-15). 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Phu K. Nguyen whose telephone number is (571) 272 
7645. The examiner can normally be reached on M-F 8:00-4:30. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, bipin Shalwala can be reached on (571 ) 272 7681 . The fax phone number 
for the organization where this application or proceeding is assigned is 571-273-8300. 
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Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 
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